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Introduction that lacks NaCl and thiamine (Table 1) .
70
To identify the ingredient(s) in the medium that led to the highly mucous phenotype, we 71 initially showed that each ingredient specific to LGI-P medium (FeCl 3 , CaCl 2 , biotin, and 72 pyridoxal; Table 1 ) had no effect on the highly mucous trait of G. diazotrophicus Pal5, 73 excluding the possibility that these ingredients caused the highly mucous phenotype. We then 74 focused on the phosphate concentrations in the LGI-P and Y & P-NaCl media, which are 6 75 mM and 50 mM, respectively (Table 1) . To check the effect of this concentration, growth of 76 the Pal5 strain was examined on solid low P medium (Table 1) , in which the 6.25 g/L
77
Na 2 HPO 4 in Y & P-NaCl medium was reduced to 0.20 g/L (final phosphate, 7.0 mM). The 78 mucous trait of the cells was significantly reduced on solid low P medium (Fig. 1) , suggesting 79 that a high concentration of Na 2 HPO 4 caused the highly mucous phenotype of the Pal5 strain.
80
The Pal5 strain still exhibited a highly mucous phenotype on solid high P medium (Table   81 1), in which the 6.25 g/L Na 2 HPO 4 in Y & P-NaCl medium was reduced to 3.13 g/L (final 82 phosphate, 28 mM). The Pal5 strain also had a mucous trait regardless of use of a sodium or 83 potassium salt, since the strain showed a highly mucous phenotype on medium in which 6.25 84 g/L Na 2 HPO 4 in Y & P-NaCl medium was replaced by 6.25 g/L K 2 HPO 4 (data not shown).
85
The highly mucous phenotype of the Pal5 strain also occurred on solid high P medium with 86 adjustment of its normal pH 7.5 to 6.3; whereas the less mucous phenotype occurred on solid 87 low P medium with adjustment of its normal pH 6.3 to 7.5 (data not shown). These findings 88 indicate that the pH of the medium was not involved in the highly mucous phenotype. To 89 examine the effect of a high concentration of Na + , G. diazotrophicus Pal5 was grown on a 90 medium containing 7 mM phosphate and 45 mM Na + ( residues. The mucous trait of the lsdA disruptant strain was substantially lower than that of 107 the WT strain on solid high P medium (Fig. 1) , suggesting that the mucous material is levan.
108
To confirm that the mucous material was levan, mucous colonies of Pal5 cells on solid
109
high P medium and less mucous colonies on solid low P medium were hydrolyzed and 110 analyzed by HPLC. Authentic samples of hydrolyzed levan, sucrose, and fructose all gave a 111 levan peak at a retention time of 15.3 min (Fig. S1, Fig. 3 ). The levan peak was higher in 112 hydrolyzed mucous colonies from high P medium than from hydrolyzed less mucous colonies 113 from low P medium (Fig. 3, Fig. S1 ). Moreover, thin layer chromatography (TLC) analysis 114 that specifically detects levan, fructose, and fructosyl derivatives demonstrated that 115 hydrolyzed mucous colonies from high P medium contain higher amounts of fructose and 116 fructosyl derivatives than hydrolyzed less mucous colonies from low P medium (Fig. S2 ).
117
Hydrolyzed less mucous colonies of lsdA disruptant cells on solid high P medium showed a 118 much smaller levan peak than those of WT or gumD disruptant cells on solid high P medium 119 on HPLC analysis. These data confirm that the mucous material is levan and that a high 120 concentration of phosphate (>28 mM) enhances production of levan by Pal5 cells on a solid 121 medium.
122
To examine whether a high concentration of phosphate (>28 mM) enhances production 123 of levan by Pal5 cells in a liquid medium, Pal5 cells were grown aerobically in liquid high 124 and low P media, and dried EPS (including levan) in the supernatant was weighed,
125
hydrolyzed, and analyzed. The amounts of dried EPS from the two cultures were about the 126 same: 35 ± 2 mg (n = 4; from 25 ml supernatant of high P medium) and 33 ± 6 mg (n = 4; 127 from 25 ml supernatant of low P medium), and gave levan peaks of the same height (data not 128 shown). This indicates that enhanced production of levan by phosphate is a phenotype 129 specific to a solid medium, and does not occur in a liquid medium.
phosphate concentrations in the sugarcane juices were 2.8-10.8 mM ( LGI-based medium. Thus, the effects of a high phosphate concentration on production of 170 levan have not been examined, since the LGI-based medium contains only 6 mM phosphate. Sugarcanes grown in Okinawa were purchased from Ryuka Shoji (Okinawa, Japan),
279
Hatsuhino (Okinawa, Japan), and Ryukyu farm (Okinawa, Japan). Phosphate concentrations
280
were determined in three sugarcanes from each company (a1, a2, a3, b1, b2, b3, c1, c2 and 281 c3) using a previously described method 36 .
283
Isolation of bacteria from sugarcane juice
284
Sugarcane juice (1 µl) was streaked on solid high P medium containing 5 ml of 0.5% 285 bromothymol blue in 0.2 N KOH in 1 L of medium. Each colony was purified by streaking 286 twice on solid low P medium. Genomic DNA was isolated from bacteria and the 16S rDNA 287 gene was amplified using primers 13 and 14 ( LGI Primer 15 TACCAGGGTATCTAATCC For sequencing of 16S rDNA.
Primer 16 GGCTACCTTGTTACGA For sequencing of 16S rDNA.
a Underlined sequences are for in-fusion. Primers 1 to 6 have been described previously 18 . and minus (-) is the weakest. Cells were grown for 1 week at 30°C. diazotrophicus disruptants grown on solid high P medium. Lev. shows the levan peak. GCAAGTcgGACGGTAGCACAGAGGAGCTTGCTCCTCGGGTGACGAGTGGCGGACGGGTGAGTAAT  GTCTGGGGATCTGCCCGATAGAGGGGGATAACCACTGGAAACGGTGGCTAATACCGCATAACGTC  GCAAGACCAAAGAGGGGGACCTTCGGGCCTCTCACTATCGGATGAACCCAGATGGGATTAGCTAG  TAGGCGGGGTAACGGCCCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACA  CTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGC  GCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCG  GGGAGGAAGGCGATGTGGTTAATAACCGTGTCGATTGACGTTACCCGCAGAAGAAGCACCGGCTA  ACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAA  GCGCACGCAGGCGGTCTGTTAAGTCAGATGTGAAATCCCCGGGCTTAACCTGGGAACTGCATTTG  AAACTGGCAGGCTTGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGA  GATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAA  GCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGG  TTGTTCCCTTGAGGAGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCG  CAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCG  ATGCAACGCGAAGAACCTTACCTACTCTTGACATCCACGGAATTTGGCAGAGATGCCTTAGTGCCT  TCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAG  TCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGATTCGGTCGGGAACTCAAAGGAGACT  GCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCT  ACACACGTGCTACAATGGCGCATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAA  GTGCGTCGTAGTCCGGATCGGAGTCTGCAACTCGACTCCGTGAAGTCGGAATCGCTAGTAATCGT  GGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAG shown on the horizontal axis. Cells were grown for 1 week at 30°C. The levan peak was not detected in A3.
